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ALLELIC ASSOCIATION OF THB HUMAN DOPAMINE (D 2 ) 
10 RECEPTOR GEKfi IN COMPULSIVE DISORDERS 

SUCH AS ALCOHOLISM 



15 The present invention relates to the first molecular 

genetic evidence, through the use of RFLP analysis, that 
an allele in the human dopamine (D 2 ) receptor gene is more 
significantly associated with humkn brain tissue from 
alcoholics than with fata in tissue obtained from non- 
20 alcoholics. The occurrence of this disease-associated 
polymorphism has a hig& predictive value in the 
classification of , at least, one probable subtype of 
alcoholics. 

25 The identification of a genetic marker that is 

closely linked to alcoholism miaans that the gene's 
inheritance can be fallowed," leading to simple tests for 
diagnosing carriers and futuria: disease victims, and 
potential gene therapy. 

30 

The tendency of certain individuals to display com^ 
pulsive behavibr patterns is veil known and includes 
individuals with an excessive desire for substances 
classed as psychoactive drugs including/ but not limited 
35 to alcohol, opiates, and flood : r " Whether alcoholism is a 
psychiatric illness or a, b i logical dis ase has been a 
contr versial questi n, but the*4 is some agreement that 
there are probably similar bi chemical mechanisms for 
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alcohol and opiates in terms of behavioral and 
pharmacological activities. (1) 

Some authors believe that dopaminergic cells are 
5 implicated in the rewarding action of alcohol (23), 

opiates (2) and cocaine (2). In contrast, others (3) 
argue that at least alcohol/opiates/cocaine and alcohol 
reinforcing effects are mediated primarily by 
nonadrenergic and not dopaminergic systems in the brain. 

10 Whether or not multiple systems exist, the question of 
several parallel reward mechanisms, or a very few, even 
one, is yet to be fully resolved. The cause and effect of 
compulsive behavior diseases , including alcoholism, 
appears to be biogenic. Regardless of the number of 

15 systems involved, the ability to identify an allelic gene 
segment associated with specific compulsive behavior is a 
significant step forward in developing predictive tests 
for compulsive behavior patterns. 

20 Alcoholism is a major and devastating health problem 

with am unknown etiological basis. The question of 
whether environment or heredity is the prime determinant 
for the development of alcoholism continues to receive 
extensive attention throughout the world, and has recently 

25 involved the Supreme Court of the United States (4). 
However, family, twin, and adoption studies (5) are 
pointing to genetic factors as significant contributors to 
alcoholism. These studies also demonstrate that other 
forms of mental illness such as schizophrenia and other 

30 major psychoses are not found at higher frequencies in 
families of alcoholics compared with the general 
population. This would suggest that alcoholism is a 
primary disease, alth ugh many disagr . 
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Alcoholism currently is viewed as a heterogeneous 
entity arising from a combination of biopsychosocial 
factors (6). In regard to biological factors, an 
extensive literature reveals a wide range of potential 
5 physiological (7) and biocheaijpal (8) markers in the risk 
for alcoholism. Moreover, fadnlly pedigree linkage 
analysis has implicated chromosomes 4, 6 and 11, but not 
specific gene markers, in the genetic risk for alcoholism 
(9)- 

10 

Restriction Fragment Length Polymorphism (RFLP) 
offers a powerful molecuj^r genefj^ic tool for the direct 
analysis of the human genome to determine elements that 
provide predisposition to genetic^ diseases (10). This 

15 technique has been used -to demonstrate a structural 

mutation in the gene that C9des for ail enzyme involved in 
alcohol metabolism (aldehyde dehydrogenase) which leads to 
the loss of this enzyme's ability to metabolize 
acetaldehyde. This altered ggne is prevalent among 

20 Orientals (11) and may^explain the well-known alcohol- 
flush syndrome as a protective factor in this population. 
However, no specific gsne abnojnaality has been identified 
thus far which could rjegplate alcohol-seeking behavior, or 
is associated with alcoholism in humans. 

25 

Numerous studies indicate that, in animals, genetic 
control of neurotransmitter synthesis, metabolism, 
regulation, and receptor activity mediates reward in the 
meso-limbic circuitry of the brain (12) , as well as drug 

30 te.q. . ethanol) - seeking behavior (13) . In this regard, 

the dopamine 2 (D 2 ) receptor has been implicated as a prime 
target site in the fl. accumbens and hippocampal CA X 
cluster cells of the b^ain reward system (14). Thr e 
maj r d paminergic systems in the human brain hav been 

35 identified. The nigrostriatal is involved in the 
initiati n and execution of movement; the 
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tuberoinfundibular is responsible for the regulation of 
peptide secretion from the pituitary; and the mesolimbic 
tract controls emotional stability and affect. Mediating 
these effects of dopamine are two receptor subtypes, D x 
5 and D 2/ each of which is coupled to different second 

messenger systems. The 0 t receptor has been implicated in 
the sleep disorder, insomnia. Host recently, a D 3 
receptor has been found (47) and is also implicated in 
limbic system function. 

10 

Important clinically relevant studies on the 
pharmacology of D 2 receptors indicated that antipsychotic 
drugs display high affinities for the receptor. Other 
work suggested that the D 2 receptor is involved in 
15 movement disorders, i.e., Parkinson's disease and tardive 
dyskinesia, tumors of the pituitary, and compulsive 
disease. 

A cDNA encoding for rat dopamine (D 2 j receptor has 
20 been isolated (15). This receptor has been implicated in 
the pathophysiology of certain diseases, including drug 
addiction. The same laboratory localized the receptor 
gene to chromosome 11 (19) . Partial sequence analysis 
revealed that the genomic clone lambda-hD 2 Gl (A.hD 2 Gl) 
25 contains the last coding exon of the D 2 receptor and 16.5 
kb of 3 -prime flanking sequence. When this clone was 
hybridized to human metaphase chromosomes and DNA from 
rodent-human hybrid cells, the data were consistent with a 
single human dopamine D 2 receptor gene which mapped to the 
30 q22-q23 region of chromosome 11. This previous work 

provides a research tool to begin a molecular analysis of 
the human D 2 receptor in alcoholism. 

Access to sequence variati n in the human genome now 
35 allows construction of genetic linkage maps thr ugh the 

technique of RFLPs (restriction fragment 1 ngth polymorph- 
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isms). This technique provides probes which are isolated 
from chromosome specific phage libraries constructed to 
contain some portion of human DNA (16). With this tool in 
hand, the analysis of human gene segments is possible. 
5 The identification of; B an apparent gene abnormality in the 
tissue of alcoholics is an important advance in the art 
and of potential value in objectively, identifying 
individuals who are genetically predisposed to alcoholism. 
The need for differential diagnosis and the ability to 
10 identify genetic predisposition for susceptibility to 

compulsive diseases such as alcoholism has been recognized 
at the national levejL (17). 

.« ■ j- 

In the present invention, the DMA probe XhD 2 Gl, a 1.6 
15 kb fragment of XhD 2 Gl / and lrpcely; a 30 bit (base pair) 
fragment of XhDzGl effectively visualize the human 
dopamine (D 2 ) receptor gene, phis permits evaluation of 
polymorphisms on the gene in a region close to the gene 
which could modify the function of the gene as a valuable 
20 predictor of alcoholism or other compulsive disorders. 

In an important embodiment, the present invention 
concerns a method for diagnosing susceptibility to 
compulsive disease. The method comprises initially 

25 obtaining DNA from an indivi^l and determining the 

presence of a particular human receptor gene allele. 
Detection of said allele's presence in the sample is 
indicative of susceptibility to, compulsive disease, 
particularly because said allele has been found to be 

30 present in a large majority ofi clinically diagnosed 
victims of compulsive ^disease. In a most preferred 
embodiment, the method is usedrt$ indicate a 
susceptibility t alcohol ink, peurticularly because said 
allele has been f urid t be present }ji a large maj rity of 

35 clinically diagnosed severe alcoholics. The human D 2 
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receptor gene Al allele is most preferably detected in 
said DKA. 

The allele is readily detected by digesting DNA with 
5 Tag I restriction endonuclease and detecting the presence 
or absence of human D 2 receptor gene Al allele in the 
hydrolyzed DNA. This method involves separating, 
preferably according to their size, restriction fragments 
from the digest. The separated fragments are then probed 

10 with labelled lambda-hD 2 Gl or fragment thereof such as a 
Bam Hl-generated 1.6 kb fragment or a synthetic 30 bit 
fragment of XhD 2 Gl (30 base pair oligomer), for example, 
to specifically detect the presence of human D 2 receptor 
gene Al allele. The presence of a 6.6 kb fragment in said 

15 sample, said 6.6 kb fragment being representative of the 
human D 2 receptor gene Al allele, is indicative of suscep- 
tibility to compulsive disease. 



20 



An object of the invention is to provide a safe and 
reliable method to diagnose alcohol and/or other drug risk 
at the prenatal and postnatal level. 



The above described method may also be of value in 
detecting the predisposition toward other compulsive- 
25 obsessive behavior patterns including but not limited to 
overeating or substance abuse such as seen with nicotine, 
narcotics and other abused drugs. In a particular 
embodiment, the above described method may also be used to 
detect a susceptibility to attention deficit disorder with 
30 hyperactivity (ADDH) in children. In a more particular 

embodiment, this method may be correlated to the presence 
of ADDH and/or to detect susceptibility to alcoholism with 
greater reliability as w 11 as other genetic diseas s such 
as Tourette Syndrome (48, 49, 50). This gen tic disorder 
has b en linked t a severe f rm f ale h lism possibly 



35 



WO 91/12339 



-7- 



PCT/US91/00855 



caused by a dis inhibition of the limbic system (48, 49, 
50). 

Figure 1(A) shows the hybridization pattern of Tag I- 
5 digested DNA isolated from a heterozygous individual. The 
hybridization probe is the full-length lambda-hd 2 Gl which 
hybridizes with the 6i6 kb fragment associated with the Al 
allele plus the 3.7 kb and the 2*9 kb bands associated 
with the A2 allele, in addition, the probe also 
10 hybridizes with two constant bands, 10.5 and 2.3 kb in 
length. 

Figure 1(B) shows the hybridization patterns of Jag 
I -digested DNA isolated from a nonalcoholic (homozygous 

15 for the A2 allele) and an alcoholic (heterozygous for the 
Al and A2 alleles) individual. The hybridization probe is 
a 1.6 kb Bam HI fragment isolated from lambda-hD 2 Gl . Note 
that the smaller probe>does hot hybridize to the 2.9 and 
2.3 kb Tag I fragments of the human dopamine D 2 receptor 

20 gene. Lambda-hD 2 Gl is a genomic SHBL 3 phage containing 
approximately 18 kb of human leukocyte DNA. 

Figure 1(C) schematically shows the production of the 
1.5 kb probe for the dopamine 02 receptor gene obtained 
25 from chromosome 11. 

Figure 2 shows a Southern blot analysis of human DNA 
from brain tissue grouped according to presence of Al 
allele (6.6 kb band) of the human dopamine D 2 receptor 

30 (D2HR) gene. Predictivte 1 value in our sample size in 

correctly identifying alcoholics is 77% (Chi-square=9.32, 
DF-1, P-0.002). Note that the A2 allele (band 3.7 kb) is 
missing from samples a, 13 , 24, 27, and indicating that 
these DNAs are h mozygfous for the Al all le. 

35 * ' 
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Figure 3 shows a Southern blot analysis of human DNA 
from brain tissue grouped according to absence of Al 
allele of the human dopamine D 2 receptor gene. Predictive 
value in correctly identifying nonalcoholics is 72% (Chi- 
5 square=7.41, DF=1, P-0.002). 

Figure 4 shows saturation curves of [*H] spiperone 
binding to D2DR in caudates of (A) a nonalcoholic subject 
homozygous for the Aj allele (A2A2) and (B) a nonalcoholic 
10 subject heterozygous for Al and A2 (A1A2) . Data points 
are means of duplicate determinations . Details for the 
binding studies are given in Example 2. Inset: Scatchard 
analysis of [ 3 H] spiperone binding. 

15 Figure 5 shows the 1.6 kb probe doublet (Doublet 1.73 

kb - 1.6 kb) which results from the digestion of lhD 2 Gl 
with BaaHL Initially this probe was thought to consist 
of 1.5 kb (personal communication D.K Grandy) . After 
sequencing the doublet was estimated as 1.73 kb. 

20 Subsequent separation of the doublet into clone 9 and 

clone 16 singlets, revealed, through sequencing, an actual 
size for the clone 9 fragment of 1.6 kb. Figure 7 
illustrates the fragments from clone 9 and 16. For 
purposes of this application, reference to the 1.73 kb 

25 probe is equivalent to the 1.6 kb probe. Twenty ng (ug) 
of the parent clone, XhD 2 Gl, was digested with 48 units of 
BamH l for two hours at 37 *C in Buffer C (IBI) , loaded onto 
a 0.8% agarose gel, run overnight at 23 volts, and 
visualized with ethidium bromide staining. The adjacent 

30 gel indicates DMA fragments of known molecular weight as 
standards. 

Figure 6 shows the hybridization patterns f the 1.6 
kb probe after doubl t separation by subcl ning. Th 1.6 
35 kb fragment (d tablet) was ligat d by foil wing the 

procedure giv n by Sea Plaque GTG agar se and cl ned as 
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described in Example 4. DNA from antibiotic resistant 
clones was digested with fias£l and separated by gel 
electrophoresis as in Figure 5 to identify the presence of 
the 1.6 kb fragment. Other digestions of clone DNA with 
5 different endonucleases (Hin£-1, Hsb-1, Taq-l f BamH l. and 
Hind III) revealed differences in DNA patterns following 
separation on gel electrophoresis. In this manner, clones 
9 and 16 were selected and grown. The 1.6 kb fragment 
from £amm -digested DNA from clone 9 and clone 16 was 

10 radiolabeled and hybridized with lag I -digested human 

genomic DNA using the same procedure as in Figure 1 above. 
The genomic DNA was from two individuals, one homozygous 
for the A 2 allele, indicated here as As, and one 
heterozygous, A1A2, indicated as A x . 

15 u ■ 

Figure 7' shows the nucleotide sequence and the 
hybridization of the 30 Base Pair Oligomer (30 bit 
fragment of XhDfil) to the 1.6 kb 'probe obtained from 
Clone 9. The 30 base pair oligomer was custom synthesized 

20 to correspond to the last 30 base pairs of the cDNA of the 
7th exon of the Bj r&caaptor. This oligomer was 
radiolabeled and hybridized to the 1.6 kb fragment from 
clone 9 but not clone 16 ; 



25 KffX 0? aTOSSYXftTIPffl 

IBI International Biotechnologies, Inc. 

A1A2 heterozygous for the Al and A2 allele 

A2A2 homozygous for the A2 allele 

lambda-hD 2 Gl - 
30 AhD 2 Gl IB kb probe used to detect Al allele. 

dCTP deoxycytosine triphosphate 

SSC saline solution containing Sodium citrate 

SSDNA Salmon sperm-lDNA 

D 2 DR Dopamine Dj -Receptor 

35 DSM -IV-R (criteria) diagnostic standard manual 

B^, Number of receptors * 
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Kd 


Dissociation constant 


TE 


Tris— EDTA Buffer 


kb = Kb 


Kilobase or Kilobit 


P 


Probability 


pM 


picomolar (lO'^M) 


fmol 


femtomole (10" 13 mole) 


RFLP 


Restriction Fragment Length Polymorphism 


ug = ug 


microgram 


ETOH 


Ethanol 







The present invention demonstrates the first allelic 
association, namely of the dopamine D 2 receptor gene, with 
alcoholism. DNA, from matched alcoholic and nonalcoholic 

15 brain samples, was digested with restriction endonucleases 
and probed with the human D 2 receptor gene (lambda-hD 2 Gl) . 
The presence of the Al (6.6 kb band) allele of the 
dopamine (D 2 ) receptor (also abbreviated D2DR) gene 
correctly predicts 77% of alcoholics, and its absence is 

20 predictive of 72% .of nonalcoholics. The polymorphic 
pattern of this receptor gene suggests that the 
abnormality in at least one form of alcoholism is located 
on the q22-q23 region of chromosome 11 with a co-dominant 
Mendelian mode of inheritance. The allelic association of 

25 the dopamine (D 2 ) receptor gene with alcoholism has a high 
predictive value in the classification of one probable 
alcoholic subtype. This subtype may represent a virulent 
form of alcoholism. 

30 Seventy frozen brain samples were thawed and 

processed for high molecular weight genomic DMA. The 
tissue was homogenized in 0.25 M sucrose and a nuclear 
pellet prepared. Next the pellets were incubated at 37 *c 
for thre hrs in 0.05% SDS and pr t inase K and the DNA 

35 was extracted with phenol, followed by extraction with 

chl r f rmtis amyl alcohol. Th DNA was then spo 1 d out, 
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washed with ethariol, and stored in TE at 4'C. When all 
the DN^s were isolated, aliquot s (20 ug DNA) were digested 
separately with four different restriction endonucleases 
(i.e., Tag I, Use I. - Boo RI and Pst I) at approximately 
5 two units enzyme/ug DNA, run on agarose gels, Southern- 
transferred to nylon membranes'; tod hybridized with 
different DNA probes vising standard methods (18). In the 
present experiment, the DNA samples, after digestion with 
the four restriction 4xxzymes, were hybridized with a 

10 number of probes involved with either ethanol metabolism 
or neurotransmitter regulation*. o£ jreward, including the 
human dopamine D 2 receptor gene (lambda-hD 2 Gl) to 
determine polymorphism. This procedure used to generate 
the human D 2 receptor gene (J&D 2 G1) is as follows: A 

15 human genomic library )Was screened with the rat dopamine 
D 2 receptor cDNA. The human genomic library (CI one tech) 
in EMBL3 was prepared; t f rom nbrmal male leukocyte DNA and 
screened with a nick-tfahslated probe containing portions 
of the cDNA for the coding region of the rat D 2 receptor. 

20 One clone, lambda-hD^GX> with dn 3.8 kb insert was 

identified and characterized* This clone was found to 
contain the entire 3 1 ; coding exon, the polyadenylation 
signal, and approximately 16, 4- Kb df noncoding 3' 
sequence. Twenty of the p&r&it clone (lambda-hD 2 Gl) 

25 was digested with 48 units of fian HI for two hrs at 37 # C 
in Buffer C (IBI) , loaded bri 1% agarose gel (Sea Plague) , 
and run overnight at 23 volts. When digested under these 
conditions, several fragments were generated, Including a 
1.6 kb fragment and a second; band of 1.5 kb, made up of 

30 two 1.5 kb fragments. the 1.5 kb band was cut, heated to 
68* C, diluted by a factor of three with TE buffer, and 
stored at 4'C. The diluted gel was placed in boiling 
water f r three min and then incubat d f r t n min at 
37 *C. A 25 url aliqu t was thek rem ved and labelled to a 

35 sp cif ic activity qif l^x 10* pm/pg with [ sa P]-dCTP 

acc rding to the ligoSabeling kit (Pharmacia) . The 50 ul 
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(microliter) . incubation mixture was then chromatographed 
through a G-50 SEPHADEX column and the eluant used for 
hybridization. The Tag I digested DNAs were then 
transferred to Nytran membranes and hybridized with the 
5 labelled insert in 50% formamide, 5 x SSC, 1 x Denhart f s, 
20 mM NaH 2 P0 4 , 200 nq/nl of SSDNA, 0.1% SDS, 10% dextran 
sulfate, 0.25% dry milk, and incubated overnight at 42 - C. 
The filters were then washed 2 x with SSC, 0.1% SDS at 
55 *C, and radioautographed overnight. The only 
10 endonuclease to show polymorphism with lambda-hD 2 Gl was 
Sag I fvide infra! . 

In previous studies (19), where the lambda-hD 2 Gl was 
used to probe digests of human genomic DMA, it was found 

15 that only Tag I, but not digests from 30 other endonucle- 
ases, revealed a frequent two allele RFLP. Allele Al = 
6.6 kb and allele A2 =3.7 ± 2.9 kb with constant bands at 
10.5 and 2.3 kb. Allele frequencies were measured in 43 
unrelated Caucasians and calculated to have a frequency of 

20 Al = 0.24, A2 ■ 0.76. Co-dominant Mendelian inheritance 
was observed in four informative families with a total of 
39 children. Additionally, the human dopamine (D 2 ) 
receptor gene was mapped on the q22-q23 region of 
chromosome 11 (19) . 

25 

Figure 1 illustrates the polymorphic pattern of the 
human dopamine (D 2 ) receptor gene. Figure 1A depicts the 
polymorphic allelic pattern for the lambda-hD 2 Gl gene 
clone. Figure IB shows the allelic pattern using a fiamHl 

30 1.5 kb subclone which reduced overall background and still 
was informative as to the presence of alleles Al and A2 . 
However, the smaller probe did not hybridize to the 2.9 
and 2.3 kb Tag I fragm nts f the human dopamine (D 2 ) 
gene. F r illustrative purp s s nly, the pblym rphic 

35 patterns are labelled acc rding to their highly 

significant allelic associati n with ither alcoholics (Al 
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allele) or nonalcoholics (the absence of Al allele) , 
respectively labelled A1/A2 and A2/A2. The schematic 
production of the 1.5 kb ("1.5 kb" illustrated here later 
was determined to actually be "1.6 kb M - See Example III 
5 for an explanation) subclone probe from chromosome 11 is 
shown in Figure 1(C). 

Table 1 illustrates the polymorphic pattern of the 
dopamine D 2 receptor gene with DNA obtained from alcoholic 

10 and nonalcoholic subjects following three independent 

hybridizations. The Al allele is associated with 24 of 35 
(69%) known alcoholics, "But it associated with only 7 of 
35 (20%) nonalcoholics. In contrast, the absence of the 
Al allele is associated with 28 out of 35 (80%) of 

15 nonalcoholics and with only 11 of 35 (31%) alcoholics. 
The proportion of the presence of the Al allele to the 
absence of this allele is significantly different in 
alcoholics as compared to nonalcoholics (Yates Chi-square 
corrected for continuity equals to 14.8, DF=»1,P<0. 001) . 



20 
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Table 1. Polymorphic pattern of the 1.5 kb fragment 
(lambda-hD 2 Gl) of the dopamine D 2 reoeptor gene in 
nonalcoholic and alcoholic brain tissue* 



DNA Type Absence of Al Allele Presence of Al Allele 1 

Control (N « 35) 28 (80. 0) 2 7 (20.0) 

Alcoholic (N * 24) 11 (31.4) 24 (68.6) 

15 The race of subject populations is an important 

determinant in allelic patterns. Recently, Kidd et al. 3 
reported that at some loci, alleles that are infrequent in 
Caucasians are common in other populations. As the 
present brains were derived from both Caucasians and 

20 Blacks, the allelic frequency of the dopamine D 2 receptor 
gene was analyzed in these two racial groups. 

Table 2 illustrates the Polymorphic Pattern of the 
Dopamine D 2 Receptor Gene with DNA obtained from alcoholic 
and non-alcoholic Caucasians and Blacks following three 

25 independent hybridizations. 



l Al allele 6.6 kb 

2 Values in parenthesis represent percent of 
nonalcoholics or Alcoholics showing absence of the Al 
allele. The proportion of the presence of the Al allele to 
the absence of this allele is significantly different in 
alcoholics compared to nonalcoholics (Yates Chi-square 
corrected for c ntinuity equals 14. 8, DM, P<.0001). 

3 K. K. Kidd et ai. . Genome Mapp4nq and Sequencing (Cold 
Spring Harb r Meeting, NY, 1989), pp. 66; 
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Table 2. P lym rphic Pattern f the Dopamine D 2 R cept r 
Gene (lambda-hD2Sl) in Brain Tissue of Nonalcoholics and 
Alcoholics, 



DHA Source 



; Abatnee of 
' Al Allsla 



Fraaance of 
Al Allala* 



Nonalcoholic (H»33 
AleohoUe CK-33) 



20 09 01) 3 
11 (31Z) 



7 (201) 
24 (69X) 



Nonalcoholic Caucasian* (8*24) 
Alcoholic Caucasians <N-11) 



20 (83t) 
8 C36X) 



4 (17X) 
14 (64X) 



Nonalcoholic Blacks (B»ll> 
Alcoholic Blacks (R-13) 



8 (73X) 
3 (23Z) 



3 (27Z) 
10 (77X) 



15 The Al allele is found to be associated with 14 of 22 

(64%) Caucasian alcoholics, but it: associated with only 4 
of 24 (17%) Caucasian nonalcoholic® (16). The proportion 
of the presence of tiie Al allele to the absence of the 
allele in Caucasian aldoholics compared to Caucasian 

20 nonalcoholics is highly significant (Yates Chi- 

square«8.75, DF=1, P=0.003). In Blacks, the Al allele is 
associated with 10 of 13 (77%^ 'alcoholics, biit it 
associated with only 3 of 11 ( 27% f nonalcoholics. The 
proportion of the presence of the Al allele to the absence 

25 of this allele is also significantly different in Black 
alcoholics compared to Black nonalcoholics (Yates Chi- 
square«5.92, DF»1, P-0.015). Thus; in the present sample, 
the results favor the view that Al allelic association is 
based on whether or ndt an individual is an alcoholic, 

30 rather than the individual's racial background. 



*A1 allele - 6.6 kb. 

*Valu s in parentheses represent percent of 
n nalcoholics or alcoholics showing absence r presence of 
35 the Al allele. 
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To determine the relationship between alcoholism and. 
the Al allele controlling for race, we used the Mantel- 
Hazenzel test was used. This test evaluates the 
relationship between two variables, while controlling for 
5 a third. Since Chi-square=14 .20 with P<0.001, there is a 
highly significant association between alcoholism and the 
Al allele was found, even after controlling for race. 

In the present sample, this test also suggested that 
10 the odds ratio of finding the Al allele in alcoholics is 
8.8 times as large as that for nonalcoholics . 

Figures 2 and 3 show the samples grouped according to 
whether or not the Al allele was present. This grouping 

15 allowed a classification of samples based on their unique 
allelic association with alcoholism. Figure 2 represents 
31 brain samples which possess the Al allele (6.6). 
Twenty-four out of 31 DNAs that had the Al allele were 
from alcoholics. This suggests, that in our sample, the 

20 predictive value of this test in correctly identifying 

alcoholics is 77%. Figure 3 represents 39 brain samples 
which did not possess the Al allele. Since 28 out of 39 
samples did not have the Al allele and were from 
nonalcoholics, this suggests that the predictive value of 

25 this test in correctly identifying nonalcoholics is 72%. 

To evaluate the hypothesis that the presence or 
absence of the Al allele was distributed between the 
alcoholic or nonalcoholic groups at other than equal 

30 probabilities, a single sample Chi-square analysis with 
assigned expected value of 0.50 was used. When this 
expected value was assigned, Chi-square analysis revealed 
no significant difference from th expected probability 
for the Al allele in nonalcoholics (Chi-square»0. 47, DF-l 

35 I>=0.50). In c ntrast, bserved frequenci s were 

significantly different from the expected pr bability of 
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0.25 for the Al allel in alcoholics (Chi -square equals 
35.4, DF=1, P<0.001) . 

To evaluate the hypothesis that the presence of the 
5 Al allele was distributed between the alcoholic or 

nonalcoholic groups at other them equal probabilities, a 
single sample Chi-square analysis with assigned expected 
value of 0.25 was used to approximate the frequency of the 
Al allele in the general population. When this expected 

10 value was assigned, Chi-square analysis revealed no 

significant difference from the expected probability for 
the Al allele in nonalcoholics (Chi-square«0.47, DF*1, 
P=0.50). In contrast, observed frequencies were 
significantly different from the expected probability of 

15 0.25 for the Al allele in alcoholics (Chi-square=35.4, 
DF»1, P<0.001). 

Of the total alleles in the present sample, the 
frequency of the Al allele was 25% and that for the A2 

20 allele was 75%. In the samples of nonalcoholics, Al and 

A2 allelic frequencies were 13% and 87% respectively. The 
allelic frequencies in: the samples of alcoholics were: 
Al=37% and A2-63%. The frequency of the Al allele in 
samples of nonalcoholics and alcoholics were significantly 

25 different (Yates Chi-square=9.75, DF=1, P=0.002). 

To determine ability to correctly classify the 
alcoholic or nonalcoholic in this sample, according to the 
presence or absence of the Al allele distributed between 

30 the two groups at a better than chance probability, a Chi- 
square analysis with assigned expected value of 0.50 was 
used. Observed values were significantly - different from 
expected probability for the £1 allele (Chi-square»9.32, 
DF»1, P=0.002) and for the absenc of the Al; allele (Chi- 

35 square=9«26, DF-1, P~0«002). These findings, tak n 
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together, suggest a strong allelic association of the 
dopamine D 2 receptor gene with alcoholism. 

To determine the association of other putative genes 
5 with alcoholism, a number of additional candidate probes 
were used. Unlike lambda-hD 2 Gl, none of these probes 
revealed a polymorphic pattern of association with 
alcoholism. 

10 Nuclear DNA was isolated from the matched brain 

samples as previously described for lambda-hD a Gl probe. 
Twenty micrograms of DNA was digested with one of the four 
restriction endonucleases . The resulting DNA fragments 
were separated according to size by electrophoresis in 1% 

15 agarose gel, transferred to nitrocellulose membranes, 

fixed, and hybridized with phosphorus 32 P-labelled probes. 
Washing of filters and autoradiography were carried out as 
described previously in this paper. A number of probes 
were employed, including alcohol dehydrogenase (pADH/3), 

20 protein kinase-C (phPKC) , carboxypeptidase-A (CPA) , pro- 
enkephalin (pHPE9) , tryptophan hydroxylase (TPH479) , 
tyrosine hydroxylase (BTH 4 ) , monoamine oxidase B (MAOB) , 
transferrin (TF) and others (See Table 3). Evaluation of 
the data (Table 3) revealed that none of these DNA probes 

25 utilizing four restriction endonucleases, (which 

endonucleases, to date, are responsible for about two- 
thirds of all known polymorphisms) are associated with 
alcoholism. The cDNA probe for alcohol dehydrogenase, an 
enzyme involved in the metabolism of alcohol, displays a 

30 polymorphism using Msp I, but the polymorphism is not 

linked to alcoholism. The cDNA probe for transferrin, a 
protein involved in hemoglobin synthesis, displays 
p lymorphism using £S2 RI* but *gain, this polymorphism is 
n t ass ciated with alcoh lism. Other pr bes used were: 

35 pr tein kinase-c; inv Ived in second m ssenger c upling 
mechanisms for neur transmitters; carb xypeptidase-A, 
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involv d in the metabolism of the opioid peptide 
enkephalin; pro-enkephalin, the precursor protein for the 
synthesis of enkephalin; the enzyme tryptophan 
hydroxylase, involved in the regulation of serotonin 
5 synthesis; tyrosine hydroxylase, the rate-limiting enzyme 
in the synthesis of dojD^mine; and transferrin, a protein 
involved in hemoglobin dynamics. This latter group of 
probes as veil as others displayed no polymorphism with 
Tag I, Msp I, Eco RI, and Pst I restriction endonucleases . 
10 Thus the only probe that shoved polymorphism associated 
with alcoholism was lambda-D 2 Gl. 
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Table 3. Evaluation* of Polymorphism* of DHA Probes with Various Endonucleases 



Dpft Probe Map I 

Alcohol Dehydrogenase (pADH/ 3) yes 

Protein Kinase- C (phPKC) no 

Tryptophan Hydroxylase (TPH479) no 

Pro-enkephalin ( pHPE9 ) no 

Monoamine Oxidase (KAOB) no 

Carboxypeptidase A (CPA) no 

Transferrin (TF) no 

Tyrosine Hydroxylase (BTH 4 ) no 

Choline Acetyl Transferase (Chat) no 

Serotonin (5HT1A) receptor (6Z1) no 
Catecholamine Receptors 

22 no 

Bl no 

B2 no 
GABA Receptors 

21 no 

24 no 

Bl no 

Dopamine B-Hydroxylase no 
Dopamine (D 2 ) Receptor 

lambda-hD 2 Gl no 



Alcoholism 

Eco RI Tao I Pat I Xbal Aasociati n 



Uw 


no 


no 




no 


uu 
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no 




no 


no 


no 


no 




no 


no 


no 


no 
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no 
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no 


no 
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no 


no 


no 
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no 




no 


no 


no 
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Over the past three decades > research concerned with 
the interaction of genetic and environmental factors in 
the development of alcoholism shows that the risk for this 
behavior is determined by genetic >as well as by environ- 
5 mental factors (20). However, the conclusion that there 
is a significant genetic component to alcoholism has led 
to the realization that individuals who are at risk of 
becoming alcoholic, because of inherited factors, are 
biologically different from individuals who have few or no 

10 inherited factors that predispose them to alcoholism. 
This notion has stimulated an extensive search for 
alcoholism genes (alcogenes) or markers to identify 
individuals at increased risk for alcoholism, a concept 
elaborated from studies of inbred : strains of mice, C57 and 

15 DBA, with a differing predilection to alcohol (21). 

It is theoretically possible that the polymorphism of 
the dopamine (D 2 ) receptor gene in the brains of 
alcoholics is due to alcohol-induced alteration in DNA 

20 (22) ; hence, the polymorphism observed might be a 

consequence of prolonged alcohol consumption by the 
alcoholic and thus represent a state marker instead of a 
trait marker. This possibility is unlikely, given the 
fairly wide prevalence (24%) of the Al allele in the 

25 general population. Moreover, the presence of the Al 

allele and its co-dominant Mendelian inheritance (19) in 
alcohol-naive children indicate that alcohol per se was 
not responsible for this genetic .variation. It is of 
further interest to note that naive inbred alcohol-* 

30 preferring rats show a significantly lower dopamine (D 2 ) 

receptor binding activity than naive alcohol-avoiding rats 
(23), suggesting an abnormality in this gene or in its 
express! n. These observati ns $upp rt the id a that the 
allelic association f the dopamine (D 2 ) receptor gen , or 

35 a gen cl s to it, in brain tissue f alcoholics is a 
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likely candidate trait marker for, at least, one important 
subtype of potential alcoholism. 

Given the evidence that children of alcoholics are at 
5 a greater risk of developing alcoholism than children of 
nonalcoholics (24) , it may be predicted that the 
prevalence of a candidate trait marker would be 
significantly greater in a population of subjects who have 
a positive rather than a negative family history of 
10 alcoholism. 

In the present sample, derived from 70 deceased 
individuals, a strong association between alcoholism and 
the Al of a Tag I polymorphism close to the dopamine D 2 

15 receptor gene has been found. That this association 

prevailed in a subsample of Caucasians and Blacks raises 
interesting questions about the prevalence of the Al 
allele in other samples of alcoholics. It is, however, 
important to note that a large majority of alcoholics in 

20 the present study had experienced repeated treatment 

failures in their alcoholic rehabilitation and whose cause 
of death was primarily attributed to the chronic damaging 
effects of alcohol oh their bodily systems. It is 
possible then that the Al allele found in this study may 

25 be associated with a particular subgroup of virulent 

alcoholism. Besides these molecular genetic studies, we 
have also carried out, in the same brain samples as above, 
the actual characteristics of the dopamine D 2 receptor 
using ["H] spiperone (a dopamine [D a ] receptor antagonist 

30 ligand) . The data show that the affinity of the dopamine 
(D a ) receptor ligand is significantly different in 
subjects having the Al allele compared to those having the 
A2 allele. Thus, the videnc , put together, sh ws not 
only that a strong association is f und between the Al 

35 allele and alcoh lism, but that the Al and A2 allele 
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express themselves in differ nt dopamine (D 2 ) 
characteristics in the brain. r 

Unlike genetic diseases such as Huntington's chorea 
5 and cystic fibrosis (10), where a single gene is 

responsible for its expression, the heterogeneous nature 
of alcoholism may not allow for the generation of a single 
marker that can identify all individuals at risk. 

10 Given that there are various subtypes of alcoholics 

(51, 52), it would have been surprising if a 100% 
association was found between the Al allele and 
alcoholism. In this regard, the 31% of alcoholics in this 
study which did not associate with the dopamine (D 2 ) 

15 receptor gene polymorphism suggests some interesting 

possibilities: 1) environmental (25) rather than genetic 
factors contributed to their alcoholism; 2) other genes 
may be critical for the predisposition and subsequent 
expression of alcohol-seeking behavior* This possibility 

20 is intriguing, since it suggests that gene-specific 

subtypes of alcoholism could now be identified through 
RFLP analysis and provide the' basis for multiple 
etiologies; and 3) the±e may be only partial linkage 
disequilibrium between the RFLP and the gene responsible 

25 for the disease. This could ocbur because of occasional 
crossover between matfJce? 1 and %r$nfe. 

Support for alcoholism subtypes can be found in 
various neurochemical hypothesis, including: 1) 
30 individual differences in nerve cell membrane sensitivity 
to ethanol (26); 2) inherited variations in the 
sensitivity of sodium^potassium ATPase inhibition to 
ethanol (27); 3) inherit d variations in neurotransmitt r 
. release and uptake systems involved in a reward cascade of 
35 events (28); 4) inherited variations in th production of 
abnormal am unts of tettahydroisoquin lin s (29); 5) 
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inherited variations in the neuroadaptive mechanisms for 
reinforcing certain behaviors (30) ; and 6) inherited 
variation in second messenger response coupling mechanisms 
(31). 

5 

The allelic association of the human D 2 dopamine 
receptor (D2DR) gene with the binding characteristics of 
the D2DR was determined in 66 brains of alcoholic and 

10 nonalcoholic subjects. In a blinded experiment, the DNA 
from these samples was treated with the restriction 
endonuclease lasl and probed with a 1.5 kb fragment from a 
BamH l digest of A,hD 2 Gl. As discussed in Example I, AhD 2 Gl 
contains the entire last exon of the D2DR gene, the 

15 polyadenylation signal, and approximately 16.4 kilobases 
of noncoding 3' sequence of the human D2DR gene. The 
binding characteristics (Kd, binding affinity and Bmax, 
maximum number of binding sites) of the D2DR were 
determined in the caudate nucleus from these brains using 

20 ( 3 H) spiperone, a dopamine receptor (D2DR) antagonist 
ligand. Log Kd was significantly lower in alcoholic 
compared to nonalcoholic subjects. Moreover, a linear 
relationship in reduced Bmax was found respectively in 
A2A2, A1A2, and A1A1 allelic subjects. In individuals 

25 with the Al allele, where a high association with 
alcoholism was found, the maximum number of D2DRs 
was significantly reduced when compared to the in 
individuals with the A2 allele (53). 

30 HETH0D8 

Brain Samples 

Tissues from 33 alcoholic and 33 nonalcoholic 
subjects was btained from th National Neurological 
Research Bank at the VA Medical Center, Wadsw tth, L s 
35 Ang les. Frontal gr y cortex and caudat nucleus wer 

rem ved from the brain at aut psy by a neur pathologist 



WO 91/12339 T PGT/US91/00855 

-25- ; : * V* 

and immediat ly frozen at -70°C until used. The 66 brains 
analyzed consisted of the 70 that Were previously studied 
in Example I (32); 4 caudates were not available. The 
ages (average ± SEM) of the alcoholics and nonalcoholics, 
5 respectively, were 50. A i 2.3 years and 53.2 ± 2.6 years. 
The racial distribution of alcoholics included 21 whites 
and 12 blacks, and there were 24 white and 9 black 
nonalcoholics. The sex distribution of alcoholics 
included 30 males and 3 femalefe, and there were 29 male 

10 and 4 female nonalcoholics. The autolysis times (average 
± SEM) of the alcoholics 9 and nonalcoholics* brain samples 
were, respectively, 2£»0 ± 1.5 hours and 22.6± 1.7 hours, 
alcoholic (Alcohol Dependence and. Alcohol Abuse, using 
DSM-III-R criteria [333) and nonalcoholic diagnoses were 

15 made independently by two trained psychiatrists, through 
examination of medical and autopsy records, interviews of 
treatment center personnel and relatives and alcohol 
consumption data. There was a 100% concordance in 
diagnosing alcoholic and nonalcoholic subjects between 

20 these two assessments* Examination of medical records 

and/ or analysis of .body fluids. at autopsy did not reveal 
any of the subjects to have used neuroleptics. The cause 
of death included: accidents, rgt^n-shot wounds, myocardial 
infarction, heart failure, cancer; gastrointestinal 

25 bleeding/ suicide, andr pneumonia. Informed consent was 
obtained from next of- kin to carry out the present study. 

DBA Probe 

The DNA probe, as previously used in Example I (32), 
30 was a 1.73 kb band obtained as a doublet from a £a£Hl 

digest of a human genomic fragment, lhD2Gl, provided by 0. 
Civelli. This fragment contains the last coding (7th) 
exon of the D2DR gene imd part of 16.5 kb of 3 1 flanking 
sequenc (19,34). Th 1.5 kb (doublet) probe was labeled 
35 by random-priming witfc ["PldCTP (18) to a sp cific 
activity fix 10 9 cpm//ig- 
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DNA Isolation and Southern Blot Analysis 

The* 66 frozen brain cortical samples were coded 
without reference to their group identity (alcoholic and 
nonalcoholic) . They were then thawed and processed for 
5 high molecular weight genomic DNA and hybridized by 

established procedures (18), as previously detailed in 
Example I (32) • 

D 2 Dopamine Eeoeptor Assay 

10 Sixty-six frozen caudate nuclei, of the same brains 

from which cerebral cortex DNAs were isolated, were also 
coded without reference to their group identity, and 
assayed during a one month period for D2DR 
characteristics. The frozen samples were routinely ground 

15 into a fine powder in liquid nitrogen using a mortar and 
pestle and stored at -70 °C from which small amounts of 
homogeneous powdered tissue could be used for assays at 
different times. A sample of 200-300 mg of the powdered 
tissue was homogenized in 30 mL of ice-cold buffer (50 

20 mmol/L Tris-HCl, pH 7.4; 120 mmol/L NaCl; 2 mmol/L MgCl 2 ) 
with a Brinkman Polytron. The homogenate was centr if uged 
at 35,000 x g for 20 minutes. The pellet was resuspended 
in 30 mL of buffer and again centrifuged at 35,000 x g for 
20 minutes. The final pellet was resuspended in 30 mL of 

25 buffer for the binding assay. 

02DR binding was measured by a slight modification of 
previously established procedures (35-37) . Saturation 
curves (Figure 4) were obtained using 12 duplicate 

30 increasing concentrations (10-1000 pmol/L) of 

[ 3 H]spiperone (32.4 Ci/mmol; New England Nuclear) in 
buffer containing 50 mmol/L Tris-HCl, pH 7.4; 120 mmol/L 
NaCl; 2 mm 1/L MgCl 2 . To measur nonsaturable binding, S- 
(-) -sulpiride was add d to a final concentration of 10 

35 /imol/L. Binding was initiated by the addition of membrane 
preparation (250-350 M9 protein), and the samples were 
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incubated in the dark at 20°C for 2 hours. Final assay 
volume was l mL. The sampled were then rapidly filtered 
through GF/B glass fiber filters with a Brandel cell 
harvester. The filters were washed twice with 2 mL of 
5 ice-cold assay buffer and placed in scintillation 

minivials with 4 mL of scintillation fluid (National 
Diagnostics) for counting. Protein concentrations were 
determined using bovine serum albumin as the standard 

(38) . Maximum number of binding sites (B^) and 

10 equilibrium dissociation constants (Kj) were estimated 

using the weighted nonlinear least-squares curve-fitting 

(39) program LIGAND. Data were fit for both one-site and 
two-site models with the two-site model accepted only if a 
stitistically significant improvement was obtained over 

15 the one-site model. 

Statistical Analysis - - 

The frequency distributions for B^, and B^/Kd 
were examined fbt departures frcna normality. Correlations 

20 were estimated for with age, Log Kj with B^, and 

Boix/K^ with age. Medh tfiff eretfees between groups for B^, 
Log 1^ and B^/Kd were : tested using two factor ANCOVA to 
determine the statistical significance of the main effects 
and the interactions of allele' and the presence or absence 

25 of alcoholism. Measures for j^ ^ere covariate-ad justed 
for and and Log K* while Log measures were covariate- 
ad justed for B^* A one-tailed alpha criteria of < 0.05 
was used to evaluate all effects upon measures of B^ and 
Log Ka. In this study, the mote powerful one-sided tests 

30 were used when the sample meiiv fell in the expected 
direction (40) . No directional expectations were 
established for B^/K^ therefore, alpha criteria were set 
at alpha = 0.05, two-tailed. 

35 The xpression f the Al allei consists of both 

homozyg te and heterozygote individuals. These two groups 
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were labeled A1A1 for homozygotes and A1A2 for 
heterozygotes and were compared with A2A2 homozygote 
individuals using single factor ANOVA and polynomial tests 
for trends of B^, Log and B^/H*. 

5 

RESULTS 

DMA Analysis 

In the previous hybridization study in Example I 
(32), using Taa l-diaested human DNA, we have shown that a 

10 BamH l 1.6 kb doublet of the D2DR gene (AhD2Gl) reduced 
overall background and was still informative as to the 
presence of D2DR gene alleles. Three bands were obtained: 
a constant 10.5 kb band, a 6.6 kb Al allele and a 3.7 kb 
A2 allele. Using the fiaffiHl 1.6kb doublet as probe, laal 

15 digested DNAs from the caudate nucleus of alcoholic and 

nonalcoholic brains in the present study were subjected to 
two independent hybridizations. The results are shown in 
Tables 4A and 4B. Table 4 A presents the 29 DNAs that show 
the presence of the Al allele (Al*)'. Twenty-two (76%) of 

20 these DNAs associated with alcoholic subjects and 7 (24%) 
associated with nonalcoholics. Table 4b shows the 37 DNAs 
that exhibit the absence of the Al allele (Al") . Eleven 
(30%) of these DNAs associated with alcoholic subjects and 
26 (70%) associated with nonalcoholics. The proportion of 

25 the presence of the Al allele to the absence of this 

allele is significantly different in alcoholics compared 
to nonalcoholics (Yates X 2 corrected for continuity » 
12.06, df - i, P < .001). This observation, as expected, 
is similar to our previous study of 70 brains in Example 

30 1(32), of which 66 brains were again probed in the present 
investigation. 

D 2 D pamine R cept r 

Saturation curv s, using [^Jspiperon as antag nist 
35 ligand and S-(-) -sulpiride to measure nonsp cific binding, 
f each of the 66 caudates studied c mpli d with a singl * 
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model binding site (39), To evaluate interassay 
reliability, replicate determinations, on different days 
for the same tissue, were also made on a subset of 10 
caudates from the present brain samples. Using 100% as 
5 the assigned K* or value for the first determination, 
the second assay revealed Kd or value for the first 
determination, the second assay revealed » 104 ± 7.5% 
and = 103 ± 4.3%. Paired £-testa shoved no 
significant difference between the two determinations. 

10 The Spearman rank-ordet correlation coefficients for 

and ***** 0.72 and $.95 respectively. The two-tailed 
significance levels for and were P < .009 and P < 
.001, respectively. These data together reveal no 
statistically significant differences between the two 

15 independent assays, suggesting interassay reliability. 
Similar good interassay reliability for the binding 
characteristics of the D2DR in human caudates frozen at 
postmortem has been observed by cithers (36). 

20 Figure 4 shows examples of saturation curves of 

[ 3 H] spiperone and Scatchard analysis in caudate tissue: 
(A) non-alcoholic subject with A2A2 allele and (B) 
nonalcoholic subject with A1A2 allele. 

25 The and B^, for each individual caudate in the 

present study, are shown in Table 4. Table 4 A shows the 
binding characteristics in Al + samples (presence of the 
6.6 kb band) and Tabid 4B depicts the values in Al' 
samples (absence of the 6.6 kb band). The range of values 

30 are consistent with reported results for the binding 
characteristics of the D2DR in human caudate tissue 
(42,37,41). 
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In the total santple of caudates, skewness and 
kurtosis, values for the distribution of were outside 
the limits of ± l, so the values were re-expressed as 
their natural logarithms. The log-transformed values for 
5 Ka distribution were within acceptable limits for the 
measures of skewness and kurtosid as were the non- 
transformed measures^ for and B^/K^. 

Correlations between outcome measures were examined 
10 to determine if they were non-independent with each other, 
with age or with autolysis time. Linear correlations were 
r a -0.37 (P ■= 0.0023, two-tailed) for with age, and r 
* 0.68. (P < 0.0001^ two-tailed) fpr Log with B^. 
Therefore, age and Log wereKused as covariates to 
15 remove their effects from the measures of B^, Likewise, 
the effects of B^ were removed f*om the effects of the 

Log Kd measures. No correlations were evident between 

■*, 

or Log Kd and autolysis time. 

»• -. • 

20 Table 5 compares the unadjusted and adjusted K d and 

B in caudates of alcoholic and nonalcoholic individuals 

and that of Al* and allelic subjects. In Table 4a, 
the mean Log K* in samples of the alcoholic group, after 
covariate adjustment for B^, was found to be 

25 significantly lower than that of the nonalcoholic group 
when tested using a tW6-f actor ANCOVA (P = 0.023, one- 
tailed) . No significant differences were found among 
these two groups. Table 5b shows the unadjusted of 
Al + allelic subjects to.be significantly lower (P < .008, 

30 one-tailed) than that t$f Al" allelic subjects. Further, 
measures were covariate-adjusted for age as well as 
Log K„ values and also tested using two-factor ANCOVA. 
The main eff ct for allel was" still evident (P < 0.01, 
one tailed) , with the adjust d mean of the Al* group 

35 being smaller than that of the Al" group. No significant 
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differences were found in measures when classification 
was based on the presence or absence of the Al allele, 

Co variate-ad justed means for and Log of the 
5 D2DR were also compared in four subgroups of 66 caudates 
derived from: Al* non-alcoholics (n-7) , Al + alcoholics 
(n=22) , Al" nonalcoholics (n=26) and Al" alcoholics 
(n«ll) . The differences between the alleles for the 
measures were parallel between alcoholics and 
10 nonalcoholics, thus no factor interaction was detected. 

Comparisons of binding measures among the A2A2 , A1A2 
and A1A1 groups indicated differences only for measures of 
Baax (P « 0.034, two-tailed). A test for polynomial trends 

15 among the three groups demonstrated a linear relationship 
(P » 0.01, two-tailed) with the highest means for A2A2 
followed by the A1A2 samples and with the lowest for the 
A1A1 group. Fisher's LSD post hoc test found a 
significant (P < 0.05) difference between the A2A2 and 

20 A1A2 groups. While the A1A1 mean was the lowest, no 

significant differences were obtained with a sample size 
of four when compared with either of the two other groups. 
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Table 5. Binding characteristics f the D 2 d paaine 
receptor in caudate of alcoholic and nonalcoholic subjects 
(a) and as a function of the presence (+) or absence (-) 
of the Al allele (b) . ■'■ 

a. Alcoholic and nonalcoholic subiaefca 



Unadjusted 


7L0 i 52 


NSe 


918 ± 7j6 




•U9 ± O06 


p < oofcr 


4.38 ± 007 


B^y ((jBoi/m£ protein) 








Unadjusted 


608 ± 5j6 


NS 


693 ±6uO 


Adjusted 2 




NS 


3915 ±4.9 


b. Al* and Al- 


allelic subiects 










Al-fn-37^ 


K,l(pM) 








Unadjusted 


709 i 54 


NS 


905 * 12 


LogKd 1 


431 ± 007 


NS 


427 ± 006 


BL*^ (foot/nig protein) 








Unadjusted 


217 t 43 


P < O006 


7U ± 5.9 


Adjusted 2 


55* ± 52 


p < oca 


7L7 ± 4J 



Lu g imn f i imml and cova riate a d just ed for by jcttWcpm^ estimations. 

Gowiate»adfvitcd Significance obtained by one-tailed test; 

NS + not significant. 



Taa l digests of human DNA, probed with a clone of a 
human genomic fragment of the D2DR gene (XhD2Gl) , reveal 
two alleles: Al and A2 (19). Here, like in our previous 
study discussed in Example 1 (32) , the present inventors 
5. hav shown that digests of DNA, btained from th cerebral 
c rtex of alcoh lies and nonalcoh lies, when probed with 
the 1.6 kb doublet of AhD2Gl, repealed the Al allele to be 
associated with alcoh lies and its absence to be 
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associated with non-alcoholics. Since the caudate nucleus 
is among brain regions with the highest expression of the 
D2DR, the question raised herein is whether a relationship 
exists among the binding characteristics of this receptor 
5 and the polymorphic pattern of the D2DR gene in caudates 
of alcoholic and nonalcoholic subjects. 

It should be noted that the alcoholics of the present 
study had a very severe type of alcoholism (43) . Detailed 

10 clinical records, interviews of next of kin and 

examination at autopsy (both macroscopic and microscopic) 
revealed that these alcoholics not only had a history of 
heavy alcohol consumption and multiple failures in their 
alcoholic rehabilitation but also, in a majority of them, 

15 the cause of death was attributed to the damaging effects 
of alcohol on their bodily systems. 

That severity of alcoholism is an important 
determinant in Al allelic association is shown in an 

20 analysis of a recent study by Bolos et al. (44) which used 
a different and less severe alcoholic population than the 
inventors 1 sample. In that study of blood obtained from 
living Caucasian subjects, patients were divided into two 
groups: less severe and more severe alcoholics. Using 

25 the inventors 1 two Caucasian groups (nonalcoholics and 

very severe alcoholics) and the three groups of Bolos et 
air. (44) (CEFH •controls 1 [alcoholics not excluded], less 
severe and more severe alcoholics) aX* test for linear 
trend was conducted for prevalence of the Al allele. 

30 Increasing degree of alcoholism severity was found to 
correspond with significant increase (P - .0002) of Al 
allele prevalence (45) . Moreover, Cloninger et al (46) , 
utilizing a population of very severe Caucasian ale holies 
similar t inventors 1 and contr Is (ale holies rigorously 

35 xcluded) , found 60% of the former gr up and 20% of the 

latter group to have th Al allele. This distributi n f 
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the Al allele in their two groups closely corresponds to • 
the original observation (13|. 

The polymorphic pattern of this gene and its 
5 differential expression of receptors suggests the 

involvement of the dopaminergic system in conferring 
susceptibility to at least one stjixbtype of alcoholism. 

10 Following the same procedure described in Example I, 

the parent clone, lambda-hD 2 Gl , was obtained and digested 
with fiafflHl and run oh a. 8% agarose (not Sea Plaque) and 
the bands visualized with ethidium bromide staining. 
Figure 5 indicates a doublet in the gel on the right 

15 labeled "Doublet 1.73 kb" with DNA molecular weight 

standards shown in the gel on tfcte left. For equal amounts 
of different, unrelated fragments, one would expect the 
smaller fragments to stain with less intensity since fewer 
nucleotides would be pr^ent. Since the two bands labeled 

20 Doublet 1.73 indicated r less staining intensity in the 

upper, larger kb bandT^han in the lower, smaller kb band 
and since only one band was sometimes observed, it was 
suspected that the 1.73 Kb fragment may consist of two, 
perhaps related, fragments. Hence, the 1.73 fragment was 

25 labeled Doublet JU73 1&b. 

• -p- ■ . 

This 1.73 kb ftif^Sent was originally estimated by gel 
N electrophoresis to 1.6 kb (personal communication from 

D.X. Grandy) • Subsequent sequencing of the doublet 
30 determined 1.73 kb. describes in Example IV, this 
doublet was separated Into two different fragments in 
clones 9 and 16. Clone 9 was sequenced and found to 
actually c nsist of 1.6 kb, which includ s about 200 bases 
of an intron 5* to th 7th exdtir of the D2Dr g ne, all f 
35 the 7th ex n, and about 1.3 fcb of the n ncoding region 
adjoining the 3' end of the 7th e* n. Thus, what is 
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indicated in this example and in Figure 5 as 1.73 kb is 
actually 1.6 kb. Any reference in this application to 
Doublet 1.73 or a 1.73 kb fragment or probe should be 
considered equivalent to Doublet 1.6 or a 1.6 kb or l.5kb 
5 fragment or probe. Therefore, for discussion purposes in 
this application, 1.73 kb, 1.6 kb, and 1.5 kb refer to 
essentially the same fragment, which has now been 
determined to be 1.6 kb. 

10 MMPLB IV 

To check the possibility of the 1.6 kb fragment being 
a doublet, a ligation was performed using this fragment by 
following the procedure given by Sea Plaque GTG agarose 
(FMC BioProducts, 5 Maple Street, Rockland, ME 04841-2994 
15 USA) . Transformation of DH5o cells was performed 

following the Hanahan method (Hanahan, J. Hoi. Biol, 166 
(1983) : 557-580) . 

In order to differentiate between different clones, 
20 mini-preps were performed and the DNA cut with a series of 
enzymes ( Hinf -1, Msp-1, Iag-1, fiaaHl, and Hind III) 
establishing two definite populations containing inserts 
of the appropriate size (1.6 kb). These two subclones, 
named #9 and #16, were grown and the DNA purified. The 
25 1.6 kb fragments from each clone were labeled with 32 P and 
used as probes to hybridize onto human genomic DNA cut 
with Taa l using the same procedure described in Example 1. 



30 Figure 6 shows that the 1.6 kb probe from clone #9 

hybridized with human genomic DNA cut with lagl at 6.6 kb 
and 3.7 kb, whereas the 1.6 kb probe from clone #16 
hybridiz d with a band at 10.5 kb. Through this 
subcl ning of th 1.6 kb fragment, two 1.6 kb fragments 

35 were separated since the original 1.6 kb pr be, suspect d 
f c mprising a d ublet, hybridized with human g nomic DNA 
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cut with lagl gave three bands located at 10.5 kb, 6.6 kb, 
and 3.7 kb. Thus, the 1.6 kb fragment from clone 9 is 
informative as a probe for the presence of the Al allele 
in human genomic DNA. 

5 r 

man* y 

After the close association of alcoholism with the Al 
allele was discovered, a synthetic probe was developed to 
be used in the screening of genomic DNA for the presence 

10 or absence of the Al allele. The inventors had GENETIC 

DESIGNS, INC., 7505 &. Main Street, Houston, Texas, custom 
synthesize a oligomer of 30 base pairs corresponding to 
the last 30 base pairs of the dbtiA for the 7th exon of the 
D 2 receptor (19). The oligomer w^s radiolabeled at its 

15 5V terminal by incubating at 37'e for 1 hour: 2/il of T 4 
Polynucleotide Kinase ^iii ^ATP (6000 Ci/mM) , 1/xl 
oligomer (100 nq/pl), 2^1 of lOx Polynucleotide Kinase 
buffer (700mM Tris-HCL? pH 7.6j lOOmM MgCl 2 ; 50mM 
dithiothreitol) , 12^1 H 2 0. After 1 hour of incubation, 

20 this mixture was passed over a 1ml G-50 column (gravity 
flow) to separate labeilled 30 base pair oligomer (30 bit 
fragment of XhD 2 Gl) from free nucleotide. 

To test this 30 base pair oligomer (30 bit fragment 
25 of AhD2Gl) as a probe which would be informative for the 
Al allele, it was hybridized to the 1.6 kb DNA fragments 
(e.g. probes) ftom clones 9 and 16 described in Example 
IV. Figure 7 shows the nucleotide sequence of this 30 
base pair oligomer and the results of the hybridization 
30 with the 1.6 kb probes from clones 9 and 16. The 

radiolabeled, synthetic oligoawar was found to hybridize to 
clone 9 but hot to clbhe 16. Since the 1.6 kb probe of 
clone 9 hybridizes to the 6.6 kb fragment of human genomic 
DNA, it is lik ly that this 3d base pair oligomer would 
• 35 hybridize to the 6.6 kb fragment of human genomic DNA and 
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similarly f unction as an effective probe for detecting the 
presence of the Al allele. 

Another 30 bit oligomer corresponding to the first 30 
5 base pairs of the cDNA coding for the 7th exon of the 02 
receptor was tested as a potential probe for the Al 
allele. In contrast to the oligomer consisting of the 
last 30 base pairs of the 7th exon shown in Figure 7, this 
oligomer hybridized to the 1.6 kb BamH l fragments (probes) 
10 from clones 9 and 16. Therefore, it does not recognize 
the polymorphism associated with the Al allele. 

Although the 30 bit probe indicated in Figure 7 was 
hybridized to the 1.6 kb fragment from clone 9 and not the 

15 6.6 kb fragment from a human genomic DNA, those of skill 
in the art will recognize that the 30 bit probe will also 
bind to the 6.6 kb fragment since it comprises a 
nucleotide sequence which is complementary to the 30 bit 
probe. Stated another way, since the 1.6 kb probe 

20 hybridizes with the Al allele 6.6 kb fragment from human 
genomic DNA, a subfragment of the 1.6 kb probe would also 
be expected to hybridize to complementary sequences of the 
Al allele. The 30 bit probe, being a complementary 
subfragment of the 1.6 kb probe, would be recognized by 

25 those skilled in the art as capable of hybridizing with a 
complementary sequence on the 6.6 kb fragment from human 
genomic DMA thereby being informative as a probe for the 
Al allele. 

30 Sequences in the 7th exon of the D2DR gene have been 

identified that are informative for the Al allele through 
their ability to hybridize with the 6.6 kb fragment of 
human genomic DNA. Th se s quences are shown in the 
present invention- to be found in a XhD 2 Gl pr be, a 1.6 kb- 

35 pr be of clone 9 and a 30 bit fragment which enc des for 
the terminal portion of the 7th exon of the D2DR gene. 
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Since the 30 bit fragment sequence is common t both the 
XhD 2 Gl probe and the 1.6 kb probe -of clone 9, it is likely 
that analogous sequences within XhD a Gl would also be 
informative as probes for the Al allele. Certainly one 
5 would expect other subfragments of these three probes to 
be capable of hybridizing to the 6.6 kb fragment which 
identifies the Al allele in human . genomic DNA. 
Considering the 30 bit fragment of XhD a Gl and the known 
art for hybridization specificity with nucleic acid 
10 oligomers, it is likely that subfragments of the 30 bit 
fragment would demonstrate specific hybridization to the 
6.6 kb fragment of human genomic DNA and thereby be 
informative as probes for the Al allele. 

15 Thus, an embodiment of the present invention would 

utilize a subfragment of the 30 bit fragment comprising 
about 10 base pairs as a probe. In further embodiments, 
subfragments comprising about 15, 20, or 25 nucleotide 
bases of the 30 bit fragment sequence shown in Figure 7 

20 would be utilized as probes to be informative for the Al 
allele in human genomic DNA. 

Individuals categorized as non-alcoholic, alcoholic, 
25 children of alcoholics (COA) , or drug abuser (DA) were 

tested for the presence of the Al allele. Subjects were 
assigned to a particular category after -they filled out a 
standard chemical identification diagnostics form for 
substance abuse developed by Kenneth Blum, E.P. Noble and 
30 associates as well as DSMR-3 criteria assessed by a 

clinician (DSMR-3 form). The 1.6 kb fragment from clone 9 
was used as a hybridization probe for detecting the 
presence or absence of the Al allele in the sub j ct's DNA 
isolated fr m lymphocyt s. Genomic DMA fr m lymph cytes 
35 was btained by the f 11 wing methodology. 
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ISOLATION OP GENOMIC DNA FROM LYMPHOCYTES 

1) Collect blood in (2) capped tubes without heparin. 

2) Put 10-15 mis of whole blood into a polycarbonate 
tube (50 ml) and fill the remainder of the tube with 

5 DNA isolation solution [0.3M sucrose, lOmM Tris (pH 

7.5), 5mM MgCl 2 , 1% Triton X-100]. Mix by inversion. 

3) Centrifuge at 4,000 rpm at 4°C for 10 minutes. 
Aspirate the supernatant into bottle containing 
bleach. Wash the pellet once again with the same 

10 solution. Repeat if needed until no red blood cells 

are apparent. 

4) quickly resuspend pellet in 4.7 mis with TE and 
transfer into one 30 ml corex tube. 

5) Slowly add 250 Ml of Proteinase K (10 mg/ml in TE) . 
15 Gently mix. 

6) Incubate 3 hours to overnight at 37 °C in a water 
bath. Swirl the viscous solution periodically. 

7) Gently extract the DNA 1 time with an equal volume of 
phenol (pH 8.0) by mixing and immediately 

20 centrifuging for 10 1 at 5,000 rpm. Remove aqueous 

layer (top) carefully. Gently extract aqueous phase 
with 1 vol. of chloroform: isoamyl alcohol (24:1) 
mix gently and centrifuge immediately. Centrifuge 
for 10 1 at 5,000 rpm. Transfer aqueous layer to 

25 polypropylene tube. 

8) Add 1/10 volume (0.5 ml) of 3 M sodium acetate plus 
total volume (5.5 ml) of cold isopropanol. Invert 
slowly to mix. DNA should fall out immediately. 

9. Remove DNA with looped pipet. Wash DNA with 70% 
30 ETOH, air dry briefly. 

10) Resuspend in 400 to 600 jil TE (pH 7.6) in 1.5 ml flip 
cap tube. Store at 4°C. 

11) Measure the exact c ncentration of the DNA and 
analyze an aliquot by electrophor sis through a 0.3% 

35 agar se gel. Th DNA should b greater than 100 kb 
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in size and should migrate m re slowly than a marker 
of >intact bacteriophage. Store DNA at 4°C. 

Hybridizations using the 1.6 kb probe of clone 9 were 
5 carried out utilizing the hybridization conditions 
described in Example 1. Results of these tests are 
summarized in Table 6. 

Table 6 under "TOTAL", which summarizes the results 

10 for those subjects with and without a family history of 

alcoholism, Table 6 shows that there is a good correlation 
between the findings of Example I, where the Al allele was 
detected in brain samples from deceased subjects, and the 
findings of this study, where the Al allele was detected 

15 in living subjects. The previous study of Example l, 

summarized in Table 2 h indicated nonalcoholics with 20% 
A1+ (having the Al allele) and 80% Al- (without the Al 
allele), whereas Table 5 indicates nonalcoholics with 22% 
A1+ and 78% A1-. Similarly, the alcoholics were found in 

20 the brain tissue study of Example I to have 69% A1+ and 

31% A1-, whereas in the present study with lymphocyte DNA, 
alcoholics were found to have 63% A1+ and 37% A1-. These 
findings fit very well with other recent studies such as 
those of Cloninger et al. (46), where a much larger number 

25 of living alcoholics and nonalcoholics were tested for the 
presence of the Al allele. In the Cloninger et al. study, 
the Al allele was found to be present in 20% of the 
nonalcoholics versus 60% of the alcoholic (Table 6: 22 % 
nonalcoholics versus 63% alcoholics) . 

30 

In view of interviews with the subjects in this 
study, it is likely that the Al allele may be predictive 
of attention deficit disorder with hyperactivity (ADDH) . 
Further, c upling f a determinati n f r ADDH with the 
35 pr sence of th Al allele may all w f r a mor r liabl 
detection f ale h lism susceptibility r may be of 
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benefit in identifying a certain subtype of alcoholism. 
The coupling of other indicators with the presence of the 
Al allele may offer a significant advance in the 
detection, prediction or diagnosis of a susceptibility for 
5 other compulsive disorders. 
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Although the data for drug abusers in this particular 
study did not show a dominant presence of the Al allele, 
it is believed that other restriction endonucleases or 
related probes would show some relationship to these 
5 particular chronic drug abusers. 

It is viewed as possible that the dopamine (D 2 ) 
receptor gene polymorphism observed herein may also be 
associated with predilection to other addictive diseases, 
10 such as those relating to nicotine, narcotics or other 
drugs. 

It is believed that research dealing with the 
exploration of various candidate gene probes which encode 

15 elements related to the synthesis, metabolism, storage, 
release, and receptor activity of neurotransmitters and 
neuropeptides involved in brain reward might ultimately 
lead to multigene trait markers which can detect 
susceptibility of individuals with a family history of 

20 alcoholism. 

It is well known that relapse is often accompanied by 
stressful situations. It is of interest that in an 
experiment using brain tissues that had been classified as 

25 having the Al or A2 allele in a prior study, the inventors 
attempted to answer the question of whether the presence 
of the Al allele leads to an altered number of D2 
receptors in the brain. By measuring the number of 
dopamine D2 receptors in the caudate nucleus, an area that 

30 normally has the highest density of these receptors, the 
inventors found that individuals having the Al allele had 
approximately 30 percent fewer D2 receptors than those 
with the A2 allel • Sine the d pamine D2 r cept r gen 
c ntrols the pr ducticn of thes r cept rs, this suggests 

35 that the Al allele causes a reduction in the number of 
rec pt rs. 
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This finding suggests an interesting hypothesis. It. 
is known that dopamine* acts to reduce stress. When stress 
occurs in an individual with a normal number of dopamine 
receptors, dopamine is released, all of the receptors are 
5 filled, and equilibrium is restored. In an individual who 
has the Al allele, however, the shortage of dopamine 
receptors interferes with this process and equilibrium is 
not restored. This person may; seek alcohol or other 
substances or stimuli that release dopamine, in the 

10 attempt to find relief and pleasure. The desired effects 
do not come, however, because of 'the shortage of 
receptors, and the attempt is repeated, leading to 
aberrant pleasure-seeking behavior. The inventors call 
this concept the stress-dopamine-genotype hypothesis of 

15 craving. Taken together, the findings of a high 

association of the Al allele of the D 2 receptor gene as 
well as a 30% reduction of the D 2 receptors in Al allele 
carriers suggest the importance of diagnosing alcoholism 
and related behaviors including stress for risk potential. 

20 / '"*'.' ' 

A polymorphism of the dopaMne receptor gene 
associated with alcoholism and its potential association 
with other addictive disease? is taught by the present 
invention. The use of the Xhl^Gl, 1.6 kb, or 30 bit 

25 probes for detecting the Al allele polymorphism of Xafl 1 
digests are believed to exemplify one approach to 
detecting the D2DR gene polymorphism associated with 
alcoholism. The specific approach used in the present 
application by way of r 6xample does not preclude 

30 alternative approaches to polymorphism detection in this 
gene. Basically, the present disclosure teaches a 
polymorphism for the dopamine receptor gene associated 
with ale h lism which may be detected using other 
approaches, in addition t that exemplified in the pr sent 

35 disclosure by the Al allele polymorphism in Tag I digests 
of human genomic DNA. For example, Bol s et al. detect a 
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polymorphism by amplifying a 3« noncoding region of the 
dopamine receptor gene sequence with PCR (polymerase chain 
reaction) and separating the amplified fragments by 
electrophoresis under nondenaturing conditions. This 
5 approach is stated to reveal polymorphisms that affect the 
secondary structure of the single DNA strands which are 
amplified. Thus, it is intended that this invention 
encompass alternative methods of detecting polymorphisms 
in the dopamine receptor gene which have been shown by the 
10 instant invention to be associated with alcoholism in 
humans. 

At this time, the present findings of an allelic 
association of the dopamine (D 2 ) receptor gene with 

15 alcoholism suggest that a defect in this gene, or in 
another gene with linkage disequilibrium with it, may 
cause susceptibility to, at least, one type of alcoholism. 
Still, this finding may hold promise for specifically 
focused treatment and prevention strategies. Clearly, 

20 application of the discoveries and methods described 
herein should have great benefit for the 28 million 
children of alcoholics who are potentially at risk for 
this disease. Finally, this research, as well as other 
work along similar lines, should result in the 

25 destigmatization of alcoholism, and ensure that the erron- 
eous view of it as a moral weakness should no longer be 
accepted by society. 



30 



The following literature citations are incorporated 
in pertinent part by reference herein for the reasons 
cited in the above text. 
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50 Changes may be made in the processes of the invention 

described herein with ut d parting from the c ncept and 
scope f the invention as defined in th following claims. 
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CLAIMS: 

1. A method for diagnosing susceptibility to compulsive 
5 disease, the method comprising: 

obtaining DNA from a subject; 

determining human D 2 receptor gene alleles present in 
10 said DMA; 

diagnosing a susceptibility to compulsive disease of 
an individual when. a particular allele is 
present; 

15 

wherein said particular allele is present in a majority of 
clinically diagnosed victims of compulsive disease. 

20 2 . A method for diagnosing susceptibility to compulsive 
disease, the method comprising: 

obtaining DNA from a subject; 

25 determining the presence of human D 2 receptor gene 

alleles in said sample; and 

diagnosing a susceptibility to compulsive disease 
when allele Al is found. 

30 

3. A method for diagnosing susceptibility to compulsive 
disease, th method comprising: 

35 obtaining DNA f r m a subject; 
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digesting said DNA with a restriction endonuclease; 

determining human D 2 receptor gene alleles present in 
said digested DNA; and 

5 

diagnosing a susceptibility to compulsive disease 
when a particular allele is present 

wherein said particular allele is found in a majority of 
10 clinically diagnosed victims of compulsive disease. 



4. A method for diagnosing susceptibility to compulsive 
disease, the method comprising: 



15 



20 



obtaining DNA from a subject; 

digesting said DNA with Tag I restriction 
endonuclease; 

determining the presence of human D 2 receptor gene 
alleles in said digested DNA; and 

diagnosing a susceptibility to compulsive disease 
25 when a particular allele is present 

wherein said particular allele is found in a majority of 
clinically diagnosed victims of compulsive disease. 



30 



5. A method for diagnosing susceptibility to compulsive 
disease, the method comprising: 

obtaining DNA frdm a subject; 



35 
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digesting said DNA with Tag I restriction 
endonucleaser 

separating DNA fragments found in the digest; 

5 

probing separated fragments with labelled XhD 2 Gl or 
fragments thereof having at least about 30 bits 
to determine the presence of human D 2 receptor 
gene alleles in said sample ; and 

10 

diagnosing susceptibility to compulsive disease when 
a particular allele is present 

wherein said particular allele is found in a majority of 
15 clinically diagnosed victims of compulsive disease. 

■ - * - . .. * 

6. The method of claim 1, 3 or 4 wherein the human D 2 
receptor gene allele is the human D 2 receptor gene Al 

20 allele. 

7. The method for diagnosing susceptibility to 
compulsive disease of claim 5, wherein said separated 

25 fragments are probed with a Bam HI -generated 1.6 kb 
fragment of XhD^l • 



8. The method for diagnosing susceptibility to 
30 compulsive disease of claim 5, wherein said separated DNA 
fragments are probed with a 30 bit fragment of AhD 2 Gl. 
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9. A method for diagnosing susceptibility to compulsive 
disease % the method comprising: 

obtaining DNA from a subject; 

5 

digesting said DNA with Tag I restriction endonucle- 
ase; 

separating DNA fragments obtained from the 
10 hydrolysate according to fragment size; 

probing separated DNA fragments with labelled AhD 2 Gl 
or a portion of labelled A.hD 2 Gl having a size of 
at least 30 bits; 

15 

determining the presence of a 6.6 kb DNA fragment in 
said separated fragments which is labelled by 
the probe; and 

20 diagnosing a susceptibility to compulsive disease 

when said labelled 6.6 kb fragment is found, 

10. The method for diagnosing susceptibility to 
25 compulsive disease, as recited in claim 9, wherein the 

separated DNA fragments are probed with a labelled SSffi Hl- 
generated 1.6 kb fragment of XhD 2 Gl. 

30 11. The method for diagnosing susceptibility to 

compulsive disease, as recited in claim 9, wherein the 
separated fragments are probed with a labelled 30 bit 
fragment of AhD 2 Gl. 
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12. The method of claim "l, 2 or 3 wherein the compulsive 
disease is alcoholism, drug dependence, an eating 
disorder, uncontrollable sexual behavior, compulsive 
gambling, body dysmorphic syndrome, or a generally related 

5 obsessive-compulsive disorder. 

13. The method of claim 1, 2 or 3 wherein the compulsive 
disease is alcoholism. 

10 

14. A method for diagnosing susceptibility to alcoholism, 
the method comprising: - V 

15 obtaining DNA from a subject; 

determining the presence of a human D 2 receptor gene 
allele in said DNA; 

20 diagnosing a susceptibility to alcoholism when a 

particular allele is present 

wherein said particular allele is found in a majority of 
clinically diagnosed victims of compulsive disease. 

25 

15. A method for diagnosing susceptibility to alcoholism, 
the method comprising: 

30 obtaining DNA from a subject; 

determining the presence of human D 2 receptor gene Al 
allele in said DNA; and 

35 diagnosing a susceptibility t alcoh lism when said 

allele is found. 
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16. A method for diagnosing susceptibility to alcoholism, 
the method comprising: 

5 obtaining DNA from a subject; 

digesting said DNA with Tag I restriction 
endonuclease; 

10 determining the presence of human D 2 receptor gene Al 

allele in the digested DNA; and 

diagnosing a susceptibility to alcoholism when the Al 
allele is present, 

15 

17. A method for diagnosing susceptibility to alcoholism, 
the method comprising: 

20 obtaining DNA from a subject; 

digesting said DNA with las I restriction 
endonuclease; 

25 separating DNA fragments obtained from the digest; 

probing separated DNA fragments with labelled XhD 2 Gl 
or a fragment thereof having similar 
specificity; 

30 

determining the presence of human D 2 receptor gene Al 
allele in said separated fragments; and 



35 



diagnosing a susceptibility to alcoholism wh n said 
Al allel is pr s nt. 
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18. A method for diagnosing susceptibility to alcoholism, 
the method comprising: . 

obtaining DNA from a subject; 

5 

digesting said DNA with Tag I restriction 
endonuclease; 

separating DNA fragments obtained from the digest 
10 according to size; 

probing separated DNA fragments with labelled XhD 2 61 
or fragment thereof comprising at least 30 bits; 

15 determining the presence of a 6.6 U) labelled DNA 

fragment in said separated DNA fragments; and 

diagnosing a susceptibility to alcoholism when said 
labelled 6.6 kb DNA fragment is present* 



20 



25 



19. A labelled probe specifically binding a human D 2 
receptor gene allele, for use in a diagnosis of 
susceptibility to compulsive disease. 



20. A labelled probe specifically binding an allele of 
human D 2 receptor gene obtained after X&S 1 hydrolysis of 
human DNA, for use in a diagnosis of susceptibility to 
30 compulsive disease. 



21. A labelled 1.6 kb pr be specif ically binding a human 
D 2 receptor gene allel obtained after laa I hydr lysis of 
35 human DNA, for use in a diagnosis f susceptibility to 
ale holism. 
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22. A labelled probe specifically binding an allele of 
human D 2 receptor gene obtained after Tag I hydrolysis of 
human DNA, for use in a diagnosis of susceptibility to 
alcoholism. 
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